F OR many years the use of commercial hybrids has been the standard procedure in corn. More recently, in other crops and in poultry, hybrids have become increasingly important.
The breeder needs an objective method of deciding whether or not to produce hybrids. Even after having decided to embark on a hybrid breeding program, he is faced with many practical problems such as the amount of inbreeding needed in the inbred lines; choice of type of cross, single, three-way, or double cross, within which to select; attention that should be given to the order in which the lines are combined; estimation and interpretation of variances among crosses; and prediction of the performance of one type of cross from that of another.
A framework is needed for hybrids which will lead to objective decisions. It must properly take account, and consequently must be informative, of the types of gene action. Such a framework is believed to have been developed in a study to be presented here. This study considers the covariances, in terms of genetic variances, between all possible pairs of relatives among single crosses, three-way crosses, and double crosses. Then in terms of the genetic variances and environmental variances, all of which are estimable, one can formulate comparisons.
The covariances for hybrids are given and then applied to considerations of the type of cross within which to select, amount of inbreeding needed in the parent lines and the importance of the order in which the lines are combined. Applications to the problems of predicting the performance of one type of cross from that of another and of estimation are to be presented in later papers.
Covariances Between Relatives
It is generally helpful to consider covariances between relatives because they are estimable and can be used in prediction. More important, however, their composition often can be expressed in terms of components of genetic variance. In such case, the expression for the covariance between two relatives, z and w for example, is io, 0^01, and o^o are the additive, dominance, and additive by additive variances, respectively. The coefficients, involving n an</ S, of the genetic components of variance depend on the genetic relationship between the relatives. Example relatives are half sibs, full sibs, and parent and offspring. More details and information are given by Cockerham (1) and Kempthorne (10).
Assumptions which always lead to exactness of the composition given for the covariances in [l] are (i) regular diploid and solely mendelian inheritance (ii) no environmental correlations between relatives (iii) no linkages (iv) the relatives are not inbred (v) the relatives can be considered to be random members of some population.
Many species are believed to conform to assumption (i). Proper experimental design with the required randomization is usually followed to insure assumption (ii). Maternal effects can often be accounted for (2) but are assumed to be absent herein. The assumption (iii) of no linkages poses difficulties (3). Loose linkages or linkages when the parents are highly inbred have little effect on the covariances, however. The assumption (iv) that the relatives are not inbred is satisfied when the two parents of each relative are unrelated except in the sense that the parents have some common origin such as variety. The parents may be inbred. Assumption (v) is necessary as a base of reference for comparative purposes, and it is this population to which the components of genetic variance refer.
By proper mating and experimental control, hybrids can be made to fit satisfactorily all but assumption (iii), but the effects of linkages are not believed to seriously alter the following developments. Hybrids, when they conform to the assumptions, can be classified into groups having different degrees of relationship, and the covariances among these different types of relatives can be given as in formula [l] .
In single crosses there are two types of relatives, those with both lines common or individuals from the same cross and designated as AB,AB in table 1, and those with one line common or individuals from different crosses with one line common and designated as A-,A-in table 1. The scheme for designating the hybrids is the one commonly used. AB represents a single cross from the mating of line A with line B. A.BC represents a three-way cross from the mating of line A with the single cross BC. AB.CD represents a double cross from the mating of the two single crosses, AB and CD. For each type of related pairs of individuals the common lines are repeated and the uncommon lines are replaced by a dash. Order or method of combining the lines is taken into account for relatives involving three-way and double crosses. For example, two types of three-way cross relatives with all three lines common are designated. One type, A.BC,A.BC, represents two individuals from the same three lines combined in the same way, while
